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(54) Semiconductor memory device capable of performing a write operation 1 or 2 cycles after 
receiving a write command without a dead cycle 



(57) The present invention relates to a semiconduc- 
tor memory device capable of performing a write oper- 
ation 1 or 2 cycles after receiving a write command with- 
out necessitating a dead cycle. The elimination of the 
dead cycle between read and write operations improves 
bus efficiency and thus, speed. The memory device of 
the presenl invention includes an address input control 
means for receiving an external write or read address 
and delaying the write address by 1 cycle when the 
memory device operates in a write after 1 cycle mode 
or by 2 cycles when the memory device operates in a 
write after 2 cycles mode. A data input control means 
receives external write data and delaying the write data 
by a first predetermined number of cycles when the 
memory device operates in the write after 1 cycle mode 
or delaying the write data by a second predetermined 
number of cycles when the memory device operates in 
the write after 2 cycles mode. A data transmission con- 
trol means transmits the delayed write data responsive 
lo a predelermined sel of input commands. The data in- 
put control means reads the data from a cell correspond- 
ing to the read address, provides the write data to a cell 



corresponding to the write address using a flow through 
method in the write after 1 cycle mode and using a pipe- 
line method in the write after 2 cycles mode, and writes 
the transmitted delayed data into the cell corresponding 
to the 1 write address. The first predetermined number of 
cycles is either 0 or 1 and the second predetermined 
number of cycles are 0. 1, or 2. The data transmission 
control means transmits write data delayed by 0 cycles 
when a write, write command sequence is received in 
the write after 1 cycle mode, transmits wrhe data de- 
. layed by 1 cycle when a read, write command sequence 
is received in the write after 1 cycle mode, transmits 
write data delayed by 0 cycles when a write, write, write 
command sequence is received in the write after 2 cy- 
cles mode, transmits write data delayed by 1 cycle when 
either a write, read, write or a read, write, write command 
sequence is received in the write after 2 cycles mode, 
and transmits write data delayed by 2 cycles when a 
read, read ; wrile command sequence is received in Ihe 
write after 2 cycles mode. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates toa semiconduc- 
tor memory device and, more particularly, to a semicon- 
ductor memory device that can perform a write opera- 
tion 1 cycle or 2 cycles after receiving a write command 
without a dead cycle. 

Description of the Prior Art 

[0002] A semiconductor memory device provided with 
a conventional wnlc lunction alter 1 cycle or 2 cycles is 
provided with a write address during the execution of a 
write command After receiving the write command and 
before executing the write operation, the memory device 
is also provided with external write data after delaying 
1 oi 2 cycles measured from the time of the previously 
provided write address. 

[0003] The semiconductor memory device having 
such a conventional write function requires a dead cycle 
when changing from a read operation to a write opera- 
tion and vice versa A dead cycle requires a no operation 
(NOP) state that detrimentally affects bus efficiency. Ac- 
cordingly, a need remains for a semiconductor memory 
device that can perform the write operation after 1 or 2 
cycles without the need for a dead cycle. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to over- 
come the problems associated with prior art semicon- 
ductor memory devices 

[0005] A further object of the present invention is to 
provide a semiconductor memory device for executing 
a write lunction alter 1 or 2 cycles without necessitating 
a dead cycle 

[0006] To achieve the above-described objects, a 
semiconductor memory device is provided. The memo- 
ry device comprises address input control means for re- 
ceiving an external write or read address and delaying 
the write address by 1 cycle when the memory device 
operates in a write alter 1 cycle mode or by 2 cycles 
when the memory device operates in a write after 2 cy- 
cles mode A data input control means receives exlernal 
wnte data and delaying the write data by a first prede- 
termined number of cycles when the memory device op- 
erates in the write after 1 cycle mode or delaying the 
write data by a second predetermined number of cycles 
when the memory device operates in the write after 2 
cycles mode. A data transmission control means trans- 
mits the delayed write data responsive to a predeter- 
mined set of input commands. The data input control 
means reads Ihe data from a cell corresponding to the 
read address, provides the write data to a cell corre- 



sponding to the write address using a flow through meth- 
od in the write after 1 cycle mode and using a pipeline 
method in the write after 2 cycles mode, and writes the 
transmitted delayed data into the cell corresponding to 

s the write address. The first predetermined number of cy- 
cles is either 0 or 1 and the second predetermined 
number of cycles are 0, 1, or 2. The data transmission 
control means transmits write data delayed by 0 cycles 
when a write, write command sequence is received in 

w the write after 1 cycle mode, transmits write data de- 
layed by 1 cycle when a read, write command sequence 
is received in the write after 1 cycle mode, transmits 
write data delayed by 0 cycles when a write, write, write 
command sequence is received in the write after 2 cy- 

is cles mode, transmits write data delayed by 1 cycle when 
either a write, read, write or a read, write, write command 
sequence is received in the write after 2 cycles mode, 
and transmits write data delayed by 2 cycles when a 
read, read, write command sequence is received in the 

20 write afler 2 cycles mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The foregoing and other objects, features, and 
2£ advantages of the invention will become more readily 
apparent from the following detailed description of a pre- 
ferred embodiment that proceeds with reference to the 
following drawings. 

[0008] FIG. 1 is a block diagram of a semiconductor 
30 memory device according to the present invention 
[0009] FIG. 2 is a circuit diagram of the data input reg- 
ister and the data transmission control part shown in 
FIG. 1. 

[0010] FIG. 3 is a circuit diagram of the data signal 
35 generating part shown in FIG. 1. 

[0011] FIG. 4 is a circuit diagram of the data output 
buffer shown in FIG. 1 

[0012] FIG. 5 is a timing diagram of the write operation 
after 1 cycle for the device shown in FIG. 1. 
40 [0013] FIG. 6 is a timing diagram of the write operation 
after 2 cycles for the device shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] FIG.'I is a block diagram of the semiconductor 
memory device according to the present invention. The 
semiconductor memory device is comprised olmxn 
number of memory cells, e.g., 10-1, 10-2, 10-m, free 
50 charging and equalizing circuits 12-1, 12-2,..., 12-m, 

column selection switches 14-1, 14-2 14-m, a row 

address decoder 16, a column address. decoder 18, a 
write driver 20, a sense amplifier 22, an address input 
buffer 24, address input registers 26 and 28, a multiplex- 
es er 30, a data input buffer 32, data input registers 34, 35, 
and 38, a data transmission control part 40, a data out- 
put buffer 42, switches S1 , S2, S3, S4, S5, S6, and S7. 
a WE input buffer 44, WE input registers 46, 48, and 50, 
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and a control signal generating part 52. 
[001 5] the m x n memory cells either transmit the data 
stored in each memory cell to the pertinent bit line pair 
(BL1 ; BUB). (BL2, BL2B), (BLm, BLmB) or store the 
data transmitted to the pertinent bit fine pair in the cor- s 
responding memory cell. The free charging and equal- 
izing circuits 12-1, 12-2, ... . 12-m free charge and equal- 
ize the pertinent bit line pair (Bbl, BL1B), (BL2, 
BL2B), .... (BLm, BLmB). The column selection switch- 
es 14-1, 14-2,..., 14-m control the transmission of data to 
between the pertinent bit line pair and the corresponding 
data line pair DLk, DLBk. The row address decoder 16 
decodes the row address signal X and generates n 
number of word line selection signals WL1, WL2, .... 
WLn. The column address decoder 1 8 decodes the col- is 
umn address signal Y and generates the control signals 
for controlling m number of column selection switches. 
The address input buffer 24 buffers and outputs the ex- 
ternally provided address XAi. The address input regis- 
ters 26 and 26 respond lo the conlrol signal CO and de- 20 
lay the address XAi by one and two cycles, respectively, 
outputting the signal WA1 and WA2, respectively. The 
• control signal CO is the signal resulting from the logical 
multiplication of'a clock signal CLK and a write enable 
signal WE. The multiplexor 30 selects the road address 2s 
RA buffered by the address input buffer 24 responsive 
to a read enable signal RE. During the execution of the 
write operation after 1 cycle, the multiplexer 30 outputs 
a write address WA1 responsive to a write enable signal 
WE. During the execution of the write operation after 2 30 
cycles the multiplexer 30 selects and outputs a write ad- 
dress WA2 also responsive to the write enable signal 
WE. The data input buffer 32 buffers and outputs the 
externally provided data input signal XDj. The data input 
registers 34, 36, and 38 generates signals 11 , 12, and 13, '.35 
respectively, by delaying the data input signal XDj buff- 
ered by the data input buffer 32 by 0, 1 , or 2 cycles, re- 
spectively, responsive to the data input control clock 
DINCLK. The data input control clock DINCLK is syn- 
chronized with the clock signal CLK 1 cycle after exe- *o 
cution of the write command begins. The data input con- 
trol clock DINCLK is also synchronized with the clock 
signal CLK 2 cycles after the execution of the write com- 
mand begins. After executing write operation lor 1 cycle, 
the data transmission control part 40, selects the 11 sig- 
nal output from the data input register 34 responsive to 
a control signal C1 and selects the 12 signal output from 
the data input register 36 responsive lo a conlrol signal 
C2. 

[001 6] After executing the write operation for 2 cycles, so 
the data transmission control part 40, selects the t1 sig- 
nal output from the data input register 34 responsive to 
control signal CI, selects the 12 signal output from the 
data input register 36 responsive to the control signal 
C2, and selects the 13 signal output from the data input 55 
register 38 responsive to the control signal C3. 
[0017] The data output buffer 42 generates the data 
amplified by the sense amplifier 22 as an output signal 
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XDOy responsive to the signals KD ATA and OE after 1 
cycle of executing the write operation. The data output 
buffer generates a 1 cycle delayed version of the output 
signal XDOy responsive to the signal KDATA and OE af- 
ter 2 cycles of executing the write operation. The WE 
input buffer 44 receives and buffers the write enable sig- 
nal WE. The WE input registers 46, 48, and 50 delay by 
1 , 2 and 3 cycles, respectively, the buffered write enable 
signal and output them as the signals Wl , W2, and W3, 
respectively. The control signal generating part 52 re- 
ceives the signals Wl and W2 during the execution of 
the write operation after 1 cycle and generates the con- 
trol signals C1 and C2. The control signal generating 
part 52 also receives the signals W1 , W2, and W3 during 
execution of the write operation after 2 cycles and gen- 
erates the control signals C1, C2, C3. In other words, 
the WE input buffer 44, the WE input registers 46, 48, 
and 50 and the control signal generating part 52 gener- 
ate the control signal C1 when the write, write command 
is continuously inputted during the execution of the write 
operation after 1 cycle and generate the control signal 
C2 when the read, write command is continuously in- 
putted. In addition, the WE input buffer 44, WE input reg- 
isters 46, 48, and 50. and the control signal generating 
part 52 generate the control signal C1 when the write, 
write, write command is continuously inputted during the 
execution of the write operation after 2 cycles. The WE 
input buffer 44, WE input registers 46, 48, and 50 : and 
the control signal generating part 52 generate the con- 
trol signal C2 when the read, write, write command or 
the write, read, write command is continuously inputted 
and generate the control signal C3 when the read, read, 
write command is continuously inputted. During the ex- 
ecution of the write command after 1 cycle, the switch 
S1 is turned on, and the switches S2, S3, S4, S5, S6, 
and S7 are turned off. During the execution of the write 
operation after 2 cycles, the switch S1 is turned off, and 
the switches S2, S3, S4, S5, S6, and S7 are turned on. 
[0018] FIG. 2 shows the circuit of the data transmis- 
sion control part 40 and the data input registers 34, 36, 
and 38 shown in FIG. 1. The data input register 34 is 
comprised of the latch made of an inverter 60,, a CMOS 
transmission gate 62, and inverters 64 and 66. The 
CMOS transmission gate 62 responds to a low data in- 
put control clock DINCLK and transmits an output signal 
IN of the data input bulfer 32. The latch made of the in- 
verters 64 and 66 latch and reverse the output signal of 
the CMOS transmission gale 62 and outputs a signal II . 
[0019] The data input register 36 comprises the latch- 
es respectively made of inverters 66 and 76, CMOS 
transmission gates 70 and 78, and inverters 72 and 74 
and 80 and 82. The CMOS transmission. gate 70 trans- 
mits the signal 1 1 responsive to a high data input control 
clock DINCLK. The latch made of the inverters 72 and 
74 latches, inverts and outputs the output signal of the 
CMOS transmission gate 70. The CMOS transmission 
gate 78 transmits the output signal of the inverter 72 re- 
sponsive to a low data input control clock DINCLK. The 
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latch made of the inverters 80 and 82 latches, inverts, 
and outputs the output signal of the CMOS transmission 
gate 78. 

[0020] The data input register 38 is comprised of the 
latches respectively made of inverters 84, 92, CMOS 5 
transmission pates 86 and 94 and inverters 88 and 90 
and 96 and 98. The construction and function of the data 
input register 38 is the same as that of the data input 
register 36. In other words, the CMOS transmission gate 
86 transmits a signal 12 responsive to a high data input ?o 
control clock DINCLK. The latch made of the inverters 
88 and 90 latches, inverts, and outputs the output signal 
of the CMOS transmission gate 86. The CMOS trans- 
mission gate 94 transmits an output signal of the inverter 
■88 responsive to a low data input control clock DINCLK. ?5 
The latch made of the inverters 96 and 98 latches, in- 
verts, and output as signal 13, an output signal of the 
CMOS transmission gate 94. 

[0021] The data transmission control part 40 is conrb 
prised of the latch made of inverters 100, 104 and 108, 20 
CMOS transmission gates 1 02, 1 06, and 1 1 0and invert- 
ers 112 and 114. The CMOS transmission gates 102, 
106, and 110 respectively transmit the signals 11 , t2, and 
1 3 responsive to high control signals C1, C2, and C3, 
respectively. The latch made of the inverters 112 and 2S 
114 latches and inverts an output signal of the CMOS 
transmission gates 102, 106 and 110 and outputs it as 
the signal WD. The construction and function of the 
switches S4 and S5 are well known and will not be de- 
scribed in further detail. 30 
[0022] FIG. 3 shows the circuit of the control signal 
generating part 52 shown in FIG. 1. The write enable 
signal input buffer 44 is comprised of two serially con- 
nected inverters 120 and 122. The write enable signal 
input buffer 44 receives the write, enable signal WE and 35 
buffers it. 

[0023] The WE input register 46 is comprised of the 
latches respectively made of inverters 124 and 132, 
CMOS transmission gates 126 and 134, inverters 128 
and 1 30 and 1 36 and 1 38. The CMOS transmission gate 40' 
126 transmits the buffered write enable signal WE re- 
sponsive to a low clock signal CLK. The latch made of 
the inverters 128 and 130 latches, inverts and outputs 
the buffered write enable signal WE. The CMOS trans- 
mission gate 134 transmits an output signal of the in- -*$ 
verter 128 responsive to a high clock signal CLK. The 
latch made of inverters 136 and 133 latches an output 
signal of the CMOS transmission gale 134, inverts it, 
and outputs it as the signal W1 . 

[0024] The WE input register 48 is comprised of the so 
latches respectively made of inverters 140 and 148, 
CMOS transmission gates 142 and 150, and inverters 
144, T46, 152, and 154. The construction and function 
of the WE input register 48 is the same as that of the 
WE input register 46. The circuit outputs an output signal 55 
of the inverter 152. as the signal W2. 
[0025] The WE input register 50 is comprised of the 
latches respectively made of inverters 156 and 164, 
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CMOS transmission gates 158 and 166, and inverters 
160 and 162 and 168 and 170. The construction and 
function of the WE input register 50 is the same as that 
of the WE input registers 46 and 48 described above. 
The WE input register 50 outputs a W3 signal out of the 
inverter 168. 

[0026] The control signal generating part 52 is com- 
' prised of N AND gates 1 76 ; 1 62, 1 90, 1 94, and 1 96, NOR 
gates 174, 178, 184, 192, 196, and 199, inverters 180 
and 168, a XNOR gate 180 and switches S8, S9, S10, 
S11.S12. 

[0027] During the execution of the write operation af- 
ter 1 cycle, the switches S9 and S11 are turned on and 
the switches S6, S7, S8, S10, and S12 are turned off. 
In this case, the NAND gate 1 94 generates a low signal 
if the signals W1 and W2 are at highs. The NOR gate 
1 96 responds to the clock signal inverted by the inverter 
1 72. inverts an output signal of the NAND gate 1 94, and 
generates the control signal CI. In other words, NOR 
gale 1 96 inverts the oulpul signal of the NAND gale 1 94 
when the clock signal is at a high. The inverter 180 and 
the NAND gate 182 generate a low signal if a low signal 
W2 and a high signal W1 are inputted. The NOR gate 
184 responds to the inverted clock signal output from 
inverter 172, inverts the output signal of the NAND gate 
182, and generates the control signal C2. 
[0028] During the execution of the write command af- 
ter 2 cycles, the switches S6, S7, S8, S10, and S12 are 
turned on, and the switches S9 and S11 are turned off. 
In this case, the NAND gate 1 98 generates a low signal 
if high signals W1 , W2. and W3 are inputted. The NOR 
gate 1 99 responds to the inverted clock signal output 
from inverter 172, inverts an output signal of the NAND 
gate 1 98 and outputs the control signal C1 . The XNOR 
gate 186 and the inverter 168 generate a high signal if 
a high signal W1 and a low signal W2 are inputted or if 
a low signal W1 and a high signal W2 are inputted. The 
NAND gate 190 generates a low signal if a high signal 
W1 and a high signal is output from the inverter 18B. 
The NOR gate 1 92 responds to the inverted clock signal 
output from inverter 172, inverts an output signal of the 
NAND gate 182 : and generates the control signal C2. 
The NOR gate 1 74 generates a high signal if low signals 
W2, W3 are inputted. The NAND gate 176 generates a 
low signal il a high signal Wl and a high output signal 
of the NOR gate 174 are inputted. The NOR gate 178 
responds to the inverted clock signal output from invert- 
er 172, inverts an oulpul signal of the NAND gate 178, 
and generates the control signal C3. 
[0029] FIG . 4 shows the circuit of the data output buff- 
er 42 shown in FIG. 1 . The data output buffer 42 is com- 
prised of the latch made of PMOS transistors 200, 202, 
204, 218, 220, 224, and 226, NMOS transistors 206, 
208, 210, 212, 222, and 228, inverters 214, 216, 234, 
236. 244, and 248. NOR gates 238 and 240, NAND 
gates 242 and 246, and inverters 230 and 232. 
[0030] An enable circuit comprises the PMOS t ransis- 
tors 200, 202, and 204 and the NMOS transistors 206, 
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208. 210. and 212. During the execution of the write op- 
eration, the PMOS Iransistor 200 is turned off because 
an enable signal KDPRECB has a high level and the 
NMOS transistors 210 and 212 are turned on. Thus : the 
data line pair DTA and DTAB is at a low. Because the 
enable signal KDPRECB is at a low during the execution 
of the read operation, the PMOS transistors 200 is 
turned on and the NMOS transistors 210 and 212 are 
turned off. This results in amplifying the sense amplifier 
output signals SAS and SASB and transmitting them to 
the data line pair DTA and DTAB. 
[0031] In the latch made of the inverters 214 and 216, 
the PMOS transistors 216, 220, 224, and 226, the 
NMOS Iransistors 222 and 228 and the inverters 230 
and 232 during the execution of the write operation, the 
data ol the data line pair DTA and DTAB ts at a low level, 
and the PMOS transistors 220, 226 and the NMOS tran- 
sistors 222 and 228 are turned off. The PMOS transis- 
tors 218 and 224 are turned on and the data latched in 
the latch 230 and 232 is maintained in the data line pair 
DTBB and QTB. Dunng the execution of the write oper- 
ation, the data transmitted to the data line pair DTA and 
DTAB is respectively inverted and transmitted as the da- 
la line pair DTB and DTBB. 

[0032] The circuit made of the inverters 234 and 236 
and the NOR gales 23£ and 240 respectively invert the 
data transmitted to the data line pair DTBB and DTB by 
the signal synchronized with the clock signal CLK, and 
output it to the data line pair DTC and DTCB. In other 
words, the circuil respectively inverts the data transmit- 
ted to the data line pair DTBB and DTB and transmits it 
to the data line pair DTC and DTCB when the signal 
KDATA changes from a high to low. The signal KDATA 
is enabled to buffer and output a signal out of the sense 
amplifier 22 during the execution of the write operation 
ailer 1 cycle. The data output buffer 42 buffers and latch- 
es the output signal of the sense amplifier 22 during the 
execution of the write operation after 2 cycles and is en- 
abled to delay the data latched by 1 cycle and output it 
In other words, the signal KDATA is enabled in order to 
output the read data in the current cycle in case the ex- 
ecution of the write operation after 1 cycle. Conversely, 
the signal KDATA is enabled to output the read data in 
the next cycle in case of the execution ol the write op- 
eration alter 2 cycles. But the timing of the latch 230 and 
232 ts the same during the execution of the write oper- 
ation after 1 cycle or 2 cycles. The only difference is in 
the liming ot Itie oulpul signal pair D0U and D0D by the 
signal KDATA. 

[0033] The circuit comprised of the NAND gates 242 
and 246 and the inverters 244 and 246 responds to the 
oulput enable signal OE, and respectively outputs the 
signals transmitted to the data line pair DTC and DTCB 
as ihe data output signal pair D0U and D0D. In other 
words, the read method during the execution of the write 
operation after 1 cycle uses a flow-through process re- 
sponsive to the data latched in the data output buffer 42 
and outputs it in the current cycle, During the execution 



/ of the read method after 2 cycles, the method uses a 
pipelined process responsive to the data latched in the 
data output buffer 42 and outputs it in the next cycle. 
[0034] What follows is an explanation of the address 

5 and data processing method during the execution of the 
write operation after 1 or 2 cycles of the semiconductor 
memory device of the invention shown in FIG. 1. First, 
the write operation after 1 cycle can be classified into 
two cases. In the first case, the write, write command is 

io continuously inputted and the write data inputted during 
the second write command is written in the cell. In the 
second case, the read, write command is continuously 
inputted and the write data corresponding to the last 
write command inputted before the continuous read, 

75 write command is written in the cell during the second 
write command. 

[0035] FIG. 5 is a timing diagram of the write operation 
after 1 cycle of the device shown in FIG. 1 where the 
write data is inputted after 1 cycle of the write address 

20 input. At this lime, the switch SI is lurned on, Ihe switch- 
es S2, S3, S4, S5, S6, and S7 are turned off, the switch- 
es S8, S10", and S12 (FIG. 3) are turned off, and the 
switches S9 and S11 are turned on. 
[0036] If the write command is inputted during the first 

2S cycle, the address input buffer 24 buffers an external 
address AO and provides it to an address input register. 
The address input register 26 responds to a high control 
signal CO and latches the address AO. The data input 
buffer 32 buffers the data DO and outputs it. The data 

30 input register 34 outputs the data DO responsive to a low 
data input control clock DINCLK. The WE input buffer 
44 receives the write enable signal WE and buffers it. 
The WE input register 46 latches the WE signal respon- 
sive to the DINCLK signal and outputs the latched signal 

35 asW1. * 
[0037] If the write command is inputted during the sec- 
ond cycle, the address input buffer 24 buffers an exter- 
nal write address A1 and outputs it to the address input 
register 26. The address input register 26 outputs the 

^o address AO as the signal WA1 responsive to a high con- 
trol signal CO. The address input register 26 outputs the 
address A1 as the signal WA1 responsive to the low con- 
trol signal CO. The data input register 34 outputs the data 
DO as the signal 11 responsive to a high data input con- 

45 trol clock DINCLK. The data input register 34 outputs 
the data D1 as the signal 11 responsive to a low control 
dock DINCLK. The data input buffer 32 responds to the 
low data input control clock DINCLK, buffers the data 
D1, and outputs it. The data input register 36 outputs 

50 the data DO responsive to the low data input control 
clock DINCLK. The WE input buffer 44 buffers and out- 
puts the WE signal. The WE input registers 46 and 48 
output high W1 and W2 signals. The control signal gen- 
erating part 52 generates the control signal C1 resulting 

55 from the logical multiplication of the signals W1 and W2 
responsive to a high clock signal CLK. The data trans- 
mission control part 40 responds to the control signal 
C1 , latches the data DO outputted from the data input 
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register 34, and provides it as the signal WD. Therefore, 
the write operation of the write data DO pertinent to the 
address AO is executed. 

[0038] The first cycle I and the second cycle II in FIG. 
5 are pertinent to the first case {write/write case). II the s 
read command is inputted during the third cycle, the ad- 
dress input buffer 24 buffers an external read address 
A2 and outputs it to the multiplexer 30. The address in- 
put register26 outputs the address A1 as the signal WA1 
responsive to the low control signal CO. The data input 10 
register 34 transmits the data D1 as the signal 1 1 respon- 
sive to the high data input control clock DINCLK. The 
data input register 36 transmits the data D1 as the signal 
12 responsive to the high data input control clock DIN- 
CLK. The data input register 36 transmits the data D1 ^ 
as the signal 12 responsive to the low control clock DIN- 
CLK. The WE input registers 46 and 48 generate low 
and high signals respectively as the signals W1 and W2. 
The control signal generating part 52 does not generate 
the control signals C1 and C2 during this period. There- 20 
fore, the write operation is not executed. The data read 
operation by the flow through process is executed and 
the output data Q2 is generated as the output signal 
XDOy. 

[0039] If the write command is inputted during the 2s 
fourth cycle, the address input buffer 24 buffers the ad- 
dress A3 and outputs it. The address input register 26 
outputs the address A1 as the address WA1 responsive 
to the high control signal CO. The address input register 
26 outputs the address A3 as the address WA1 respon- 30 
sive to the low control signal CO. The data input buffer 
32 buffers the data D3 and outputs it. The data input 
register 34 outputs the data D3 responsive to the low 
data input control clock DINCLK. The data input register 
36 outputs the data D1 responsive to the low data input 35 
control clock DINCLK. The WE input buffer 44 buffers 
the WE input and outputs it. The WE input registers 46. 
and 4B provide a, high signal W1 and a low signal W2. 
The control signal generating part 52 generates the con- 
trol signal C2 responsive to a high clock signal. The data 40 
transmission control part 40 transmits the data Dl as 
the signal WD responsive to the control signal C2. 
Therefore, the read operation of the write data D1 per- 
tinent to the address Al is executed. 
[0040] The third cycle III and the fourth cycle IV in FIG. *s 
5 are pertinent to the second case (read, write case). As 
shown in the timing diagram of FIG. 5, the write data DO 
is transmitted to the data line pair in the second write 
cycle the read data Q is transmitted from the cell to the 
data line pair in the third read cycle, and write data D1 so 
is transmitted to the data line pair in the fourth write cy- 
cle. Therefore, the problem of the data collision in the 
data lino pair docs not occur. 

[0041] The write operation after 2 cycles can be clas- 
sified into .the three cases described below. In the first ss 
case, the write, write, write command is continuously in- 
putted, and the write data inputled during the input of 
the third write command is written in the cell. In the sec- 
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ond case, the write, read, write command is continuous- 
ly inputted, or the read, write, write command is contin- 
uously inputted. The write data corresponding to the last 
write command before the continuous write, read, write 
or read, write, write command is written in the cell re- 
sponsive to the third write command. In the third case, 
the read, read, write command is inputted and the write 
data pertinent to the write command inputted first among 
the 2 numbers of write data inputted before this contin- 
uous command is written in the cell. 
[0042] The first cycle I, the second cycle II and the 
third cycle HI in FIG. 6 are pertinent to the first case. The 
third cycle III, the fourth cycle IV and the fifth cycle V in 
. Fl G. 6 are pertinent to the second case. The fourth cycle 
IV, the fifth cycle V and the sixth cycle VI in FIG. 6 are 
pertinent to the other second case. The seventh cycle, 
VII, the eighth cycle VIII and the ninth cycle IX in FIG. 6 
are pertinent to the third case described. FIG. 6 is a tim- 
ing diagram of the write operation after 2 cycles for the 
device shown in FIG. 1. The write data is inputted within 
the 2 cycles of the input of the write address. In this case, 
the switch SI (FIG. 1 ) is turned off, the switches S2, S3, 
S4, S5, S6, and S7 are turned on, the switches S8, S1 0, 
SI 2 (FIG. 3) are turned on, and the switches S9 and 
S11 arc turned off. 

[0043] If a write command is input during the first cy- 
cle, the address input buffer 24 buffers the address AO 
and outputs it. The address input register 26 outputs the 
address AO responsive to the low control signal CO The 
WE input buffer 44 buffers and outputs the WE signal. 
The WE input registers 46, 48 and 50 output a" high sig- 
nal W1 . a low signal W2, and a low signal W3. 
[0044] If a write command is input during the second 
cycle, the address input buffer 24 buffers and outputs 
the address Al. The address input register 26 outputs 
the address AO responsive to the high control signal CO. 
The address input register 26 outputs the address A1 
responsive to the low control signal CO. The address in- 
put register 28 outputs the address AO responsive to the 
low control signal CO. The data input buffer 32 buffers 
and outputs the data DO. The data input register 34 out- 
puts the data DO responsive to the low data input control 
clock DINCLK. The WE input buffer 44 buffers the WE 
signal and outputs it. The WE input registers 46, 48, and 
50 respectively generate high W1 and W2 signals and 
a low W3 signal. 

[0045] If a write command is input during the third cy- 
cle, the address input bufler 24 buffers and outputs the 
addiess A2. The address input registers 26 and 28 out- 
put the address Al and the address AO respectively re- 
sponsive to the high control signal CO. The address in- 
put registers 26 and 28 output the address A2 and the 
address A1 , respectively, responsive to the low control 
signal CO. The data input register 34 outputs data D2 as 
the signal 11 responsive to the high data input control 
clock DINCLK. The data input register 34 outputs the 
data D1 as the signal 11 responsive to the high data. in- 
put control clock DINCLK. The data input register 36 out- 
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puts the data DO as the signal 12 responsive to the low 
data input control clock DINCLK. The WE input buffer 
44 outputs high signals W1 . W2, and W3. The control 
signal generating part 52 receives the signals W1 , W2, 
and W3and generates the control signal C1 responsive 
to the high clock signal CLK. The data transmission con- 
trol part 40 outputs the data DO as the signal WD re- 
sponsive to the control signal CI. Thus, the write oper- 
ation for the write data DO corresponding to the address 
AO is executed. 

[0046] If a read command is input during the fourth 
cycle, the address input buffer 24 buffers the read ad- 
dress A3 and outputs it to the multiplexer 30. The ad- 
dress input registers 34 and 36 output the address A2, 
A1 as the signals WA1 , WA2 respectively responsive to 
the low control signal CO. The data buffer 32 buffers and 
outputs the data D1 . The data input registers 34 and 36 
output the data Dl, DO respectively, responsive to the 
high data input control clock DINCLK. Additionally, the 
data input registers 34 and 35 output Ihe data D2 and 
D1 , respectively, responsive to the low data input control 
clock DINCLK. The data input register 38 outputs the 
data DO responsive to the low data input control clock 
DINCLK. The WE input buffer 44 buffers the WE signal 
and outputs the buffered WE signal. The WE input reg- 
isters 46, 48, and 50 output low, high, and high signals 
W1 , W2, and W3, respectively. Since a read command 
is input, the control signal generating part 52 does not 
generate the control signals C1 , C2, and C3 The data 
transmission control part 40 outputs the latched data 
DO. Then, the read operation. of the read data pertinent 
to the address A3 is executed. 

[0047] If a write command is input during the fifth cy- 
cle, the address input buffer receives the address A4 
and buffers it. The address input registers 26 and 28 
output the addresses A2 and A1, respectively, respon- 
sive to the high control signal CO. Conversely, the ad- 
dress input registers 26 and 28 output the addresses A4 
and A2, respectively, to the low control signal CO. The 
data input buffer 32 buffers the data D2 and outputs the 
buffered data D2. The data input register 34 outputs the 
data D2 responsive to the high data input control clock 
DINCLK. The data input registers 36 and 3B outpul the 
data D1 and DO, respectively, responsive to the high da- 
ta input control clock DINCLK. Conversely, the data in- 
put registers 36 and 36 generate the data D2 and Dl, 
respectively, responsive to the low data input control 
clock DINCLK. The WE input buflei 44 buffers Ihe WE 
signal. The WE input register 46 respectively outputs the 
high, low, and high signals W1 , W2, and W3. The control 
signal generating part 52 receives the signals W1, W2, 
and W3, and generates the control signal C2 responsive 
to the high clock signal CLK. The data transmission con- 
trol part 40 outputs the data D1 as the signal WD re- 
sponsive to the control signal C2. Therefore, the write 
operation of the write data D1 corresponding to the ad- 
dress AO is executed 

[0048] If a write command is input during the sixth cy- 



cle, the address input buffer 24 buffers and outputs the 
address A5. The address input registers 26 and 28 re- 
spectively output the addresses A4 and A2 responsive 
to the high control signal CO to the low control signal CO. 
5 Conversely, the address input registers 26 and 28, re- 
spectively, output the addresses A5 and A4. The data 
input register 34 outputs the data D4 responsive to the 
low data input control clock DINCLK. The data input reg- 
isters 36 and 38, respectively, output the data D2 and 
to D1 responsive to the low data input control clock DIN- 
CLK. The WE input buffer 44 buffers and outputs the 
WE signal. The WE input registers 46, 48, and 50 re- 
spectively output high signals W1 and W2 and low signal 
W3. The control signal generating part 52 receives the 
is signals W1 , W2, and W3 outputs the data D2 as the sig- 
nal WD responsive to the high clock signal CLK. There- 
tore, the write operation of the write data D2 correspond- 
ing to the address A2 is executed. 
[0049] If a read command is input during the seventh 
cycle, the address input buffer 24 buffers the read ad- 
dress A6 and outputs it to the multiplexer 30. The ad- 
dress input registers 26 and 28 output the addresses A5 
and A4 responsive to the low control signal CO. The data 
input buffer 32 buffers the data D4 and outputs it. The 
data input registers 34, 36, and 38 output the data D4, 
D2, and Dl, respectively, responsive to the high data 
input control clock DINCLK. Conversely, the data input 
registers 34, 36, and 38 output the data D5, D4, and D2, . 
respectively, responsive to the low data input control 
clock DINCLK. The WE input buffer 44 buffers the RE 
signal. The WE input registers 46. 48. and 50 output a 
low W1 signal and high signals W2 and W3 ; respective- 
ly. Since a read command was input, the control signal 
generating part 52 does not generate the control signals 
C1, C2, and C3. The data transmission control part 40 
transmits the latched data D2 as the signal WD. Then, 
the read operation of the read data pertinent to the read 
address A6 is executed. 

[0050] If a read command is input during the eighth 
cycle, the address input buffer 24 buffers the read ad- 
dress A7 and provides it to the multiplexer 30. The ad- 
dress input registers 26 and 28 output the addresses A5 
and A4 responsive to the low control signal CO. The data 
input buffer 32 buffers and outputs the data D4. The data 
input registers 34, 36, and 38 output the data D5, D4, 
and D2,. respectively, responsive to the high data input 
control clock DINCLK. The data input registers 36 and 
38, respectively, outpul the data D5 and D4 responsive 
to the low data input control clock DINCLK, The WE in- 
put buffer 44 buffers the RE signal. The WE input reg- 
isters 46, 48, and 50 output low signals W1 and W2 and 
a high signal W3, respectively. Since a read command 
is input, the control signal generating part 52 docs not 
generate the control signals C1, C2, and C3. The data 
transmission control part 40 outputs the latched daia D2 
as the signal WD. Then, the read operation of the read 
command pertinent to the read address A7 is executed. 
[0051 ] If a write command is input during the ninth cy- 
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cle, the address input buffer 24 buffers the address A8 
and outputs it The address input registers 26 and 28 
output the address A5 and A4, respectively responsive 
to the high control signal CO. Conversely, the address 
input registers 26 and 28 output the address A8 and A5, s 
respectively, responsive to the low control signal. The 
data input registers 36 and 38 output the data D5 and 
D4, respectively, responsive to the low data input control 
clock DINCLK. The WE input buffer 44 buffers the WE 
signal. The WE input registers 46, 48, 50 output a high io 
signal W1 and low signals W2 and W3, respectively. The 
control signal generating part 52 receives the signals 
W1, W2, and W3 and generates the control signal C3 
responsive to the high clock signal CLK. The data trans- 
mission control part 40 outputs the data D4 as the signal '5 
WD responsive to the control signal C3. Therefore, the 
write operation of the write data D4 corresponding to the 
address A4 is executed. 

[0052] As shown in the timing diagram of FIG. 6, the 
write data DO is transmitted to the data line pair in the 20 
third write cycle, the read data Q3 is transmitted to the 
data line pair in the fourth read cycle, the write data Dl 
is transmitted to the data line pair in the fifth write cycle, 
the write .data D2 is transmitted to ihe data line pair in 
the sixth write cycle, the read data Q6 is transmitted to 2S 
the data line pair in the seventh read cycle, the read data 
Q7 is transmitted to the data line pair in the eighth read 
cycle, and the write data D4 is transmitted to the data 
line pair in the ninth write cycle. Therefore, the problem 
of data collision in data line pairs does not occur if the 30 
address and the data are controlled as described above. 
[0053] The semiconductor memory device of the 
present invention was described with respect to the ex- 
ecution of the write operation after 1 or 2 cycles without 
a dead cycle. However, if a user wants to configure a 35 
dead cycle, he can configure a deselect cycle in the mid- 
dle of the operation cycle. The deselect cycle operates 
substantially like a read cycle. 

[0054] Having illustrated and described the principles 
of my invention in a preferred embodiment thereof, it 40 
should be readily apparent to those skilled in the art that 
the invention can be modified in arrangement and detail 
without departing from such principles. I claim all mod- 
ifications coming within the scope and spirit of the ac- 
companying claims. 45 

Claims 

1. A semiconductor memory device, comprising: so 

address input control means for receiving an 
external write or read address and delaying the 
write address by 1 cycle when the memory de- 
vice operates in a write after 1 cycle mode or ss 
by 2 cycles when the memory device operates 
in a write after 2 cycles mode; 
data input control means lor receiving external 
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write data and delaying the write data by a first 
predetermined number of cycles when the 
memory device operates in the write after 1 cy- 
cle mode or delaying the write data by a second 
predetermined number of cycles when the 
memory device operates in the write after 2 cy- 
cles mode; and 
. data transmission control means for transmit- 
ting the delayed write data responsive to a pre- 
determined set of input commands; 
wherein the data input control means reads the 
data from a cell corresponding to the read ad- 
dress, provides the write data to a cell corre- 
sponding to the write address using a flow 
through method in the write after 1 cycle mode 
and using a pipeline method in the write atter 2 
cycles mode, and writes the transmitted de- 
layed data into the cell corresponding to the 
write address. 

2. The semiconductor memory device of claim 1 
wherein the first predetermined number of cycles is 
either 0 or 1 and the second predetermined number 
of cycles are either 0, 1 , or 2. 

3. The semiconductor memory device of claim 2 
wherein data transmission control means transmits 
write data delayed by 0 cycles when a write, write 
command sequence is received in the write after I 
cycle mode, transmits wnte data delayed by I cycle 
when a read, write command sequence is received 
in the write after 1 cycle mode, transmits write data 
delayed by 0 cycles, when a write, write, write com- 
mand sequence is received in the write after 2 cy- 
cles mode, transmits write data delayed by 1 cycle 
when either a write, read, write or a read, write, write 
command sequence is received in the write atter 2 
cycles mode, and transmits write data delayed by 2 
cycles when a read, read, write command sequence 
is received in the write after 2 cycles mode. 

4. The semiconductor memory device of claim 3 
wherein the address input control means includes: 

a first address input register for generating a 
first delayed write address by delaying the write 
address by 1 cycle responsive to a first control 
signal; 

a second addiess input register for generating 
a second delayed write address by delaying the 
delayed write address by 1 cycle responsive to 
the first control signal; 

a multiplexer for selecting the read address re- 
sponsive to a read command; the first delayed 
write address in the write after 1 cycle mode, 
and the second delayed write address in the 
write after 2 cycles mode. 
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5. The semiconductor memory device of claim 3 
wherein the first control signal is the logical multipli- 
cation of a clock signal and a write command. 

6. The semiconductor memory device of claim 3 
wherein the data input control means includes: 

a first data register for generating a first data 
signal by transmitting the write data responsive 
to a second control signal; 
. a second data register for generating the sec- 
ond data signal by latching the first data, signal 
responsive to the second control signal; and 
a third data register for generating a third data 
signal by latching the second data signal re- 
sponsive to the second control signal; 
wherein the first and second data signals are 
provided as outputs in the write after 1 cycle 
mode and wherein the lirst, second ; and third 
dala signals are provided as outputs during the 
write after 2 cycles mode. 

7. The semiconductor memory device of claim 6 
wherein the first data register includes: 

a first transmission gate for transmitting the 
write data responsive to the second control sig- 
nal; and , 

a first latch for generating the first data signal 
by latching an output of the first transmission 
gale. 

8. The semiconductor memory device of claim 6 
wherein the second data register includes: 

a second transmission gate for transmitting the 
first data signal responsive to the second con- 
trol signal; 

a second latch for latching the transmitted first 
data signal: 

a third transmission gate for transmitting the 
latched first data signal responsive to the sec- 
ond control signal; and 

a third latch for generating the second data sig- 
nal by latching an output o1 the third transmis- 
sion gate. 

9. The semiconductor memory device of claim 6 
wherein the third data register includes: 

a fourth transmission gate for transmitting the 
second data signal responsive to the second 
control signal; 

a fourth latch for latching the transmitted sec- 
ond data signal; 

a fifth transmission gate for transmitting the 
latched second data signal responsive to the 
second control signal; and 
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a fifth latch for generating the third data signal 
by latching an output of the fifth transmission 
gate. 

10. The semiconductor memory device of claim 6 
wherein the data transmission control means in- 
cludes: 

control signal generating means for generating 
a third control signal when a write, write com- 
mand sequence is received in the write after 1 
cycle mode or when a write, write, write com- 
mand sequence is received in the write alter 2 
cycles mode, a fourth control signal when a 
read, write command sequence is received in 
the write after 1 cycle mode or when a write, 
read, write or a read, write, write command se- 
quence is received in the write after 2 cycles 
mode, and a fifth control signal when a read, 
read, write command sequence is received in 
the write after 2 cycles mode; and 
write data transmission means for transmitting *' 
the first data signal responsive to the third con- 
trol signal, the second data signal responsive 
to the fourth control signal, and the third data 
signal responsive to the fifth control signal. 

11. The semiconductor memory device of claim 10 
wherein the control signal generating means in- 
cludes: 

a first write register for generating a first write 
signal by latching the write command respon- 
sive to a first logic state of a clock signal and 
outputting the first write signal responsive to a 
second logic state of the clock signal; 
a second write register for generating a second 
write signal by latching the first write signal re- 
sponsive to the first logic state of the clock sig- 
nal and outputting the second write signal re- 
sponsive to the second logic state of the clock 
signal; 

a third write register for generating a third write 
signal by latching the second write signal re- 
sponsive to the first logic state of the clock sig- 
nal and outputting the third write signal respon- 
sive to the second logic state of the clock signal; 
thiid control signal generating means for gen- 
erating the third control signal by logically ma- 
nipulating the first and second write signals in 
the write after 1 cycle mode or by logically ma- 
nipulating the first, second, and third write sig- 
nals in the write after 2 cycles mode; 
fourth control signal generating means for gen- 
erating the fourth control signal by logically ma- 
nipulating inverted versions of the first and sec- 
ond write signals in the write after 1 cycle mode 
or by logically manipulating the first, second, 
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and third write signals in the write after 2 cycles 
mode; and 

fifth control signal generating means tor gener- 
ating the fitth control signal by logically manip- 
ulating the first, second arid third write signals 
in the write after 2 cycle mode 

12. The semiconductor memory device ol claim 11 
wherein the first write register includes: 

a first transmission gate lor transmitting the 
write command responsive to the first logic 
state of the clock signal 
a first latch for latching an output signal of the 
first transmission gate 

a second transmission gale tor transmitting an 
output signal oi the first taich responsive to the 
second logic state ot the clock signal and 
a second latch for latching an output signal of 
the second transmission gale 

13. The semiconductor memory device of claim 12 
wherein the second write register includes 

a third transmission gate for transmitting the 

first write signal responsivo to tho first logic 

state of the clock signal; 

a third latch for latching an output signal of the 

third transmission gate: 

a fourth transmission gale lor iransmitling an 

output signal of the third latch responsive to the 

second logic state of the clock signal: and 

a fourth latch for latching an output signal of the 

fourth transmission gale. ■ 

14. The semiconductor memory device of claim 13 
wherein the third write register includes: 

a fifth transmission gate for transmitting the 
second write signal responsive to the first logic 
state of the clock signal; 
a fifth latch tor latching an output signal ot the 
fifth transmission gale; 

a sixlh transmission gate for transmitting an 
output signal ot the fifth latch responsive to the 
second logic state of the clock signal; and 
a sixth latch for latching an output signal of the 
sixlh Iransmission gale. 

15. A semiconductor memory device, comprising: 

an address input buffer for buffering an external 
read or write address; 

address input control means tor delaying the 
buffered write address by I or 2 cycles respon- 
sive to a. first control signal: 
selecting means for selecting the read address 
during a read command, selecting the write ad- 



dress delayed by 1 cycle during a write after 1 
cycle mode, and selecting the write address de- 
layed by 2 cycles during a write after 2 cycles 
mode; 

s a data input buffer for buffering external data; 

data input control means for generating a first, 
second, and third data signals responsive to a 
second control signal, the first and second data 
signals being generated by respectively delay- 

10 ing the buffered data by 0 or 1 cycles in the write 

after 1 cycle mode and the first, second, and 
third data signals being generated by respec- 
tively delaying the buffered, data by 0, 1, or, 2 
cycles in the write after 2 cycles mode; 

i5 control signal generating means for generating 

a third control signal when a write, write com- 
mand sequence is received in the write alter 1 
cycle mode or a wnte, write, write command se- 
quence is received in the write after 2 cycles 

20 mode, a fourth control signal when a read, write 

command sequence is received in the write af- 
ter 1 cycle mode or a write, read, write or a read, 
write, write command sequence is received in 
the write after 2 cycles mode, and a fifth control 

25 signal when a read, read, write command se- 

quence is received in the write after 2 cycles 
mode; and 

data transmission control means for transmit- 
, ting the first data signal responsive to the third 
30 control signal, the second data signal respon- 

sive to the fourth control signal, and the third 
data signal responsive to the fifth control signal. 

16. The semiconductor memory device of claim 15 
35 wherein the first control signal is a logical multipli- 
cation of a clock and the write command. 

17. The semiconductor memory device of claim 16 
wherein the second control signal is synchronized 

40 with the clock signal 1 cycle after execution of the 
wnte command in the write after 1 cycle mode and 
is synchronized with the clock signal 2 cycles after 
execution of the write command in the write after 2 
cycles mode. 

45 

18. The semiconductor memory device of claim 15 
wherein the address input control means includes: 

a first address register for delaying the buffered 
50 address responsive to the first control signal: 

a second address register for delaying an out- 
put signal of the first address responsive to the 
first control signal; 

a first switch having an on and an off position 
55 for providing an output signal of the first ad- 

dress register to the selecting means in the 
write after 1 cycle mode when in the on position; 
a second switch having an on and an off posi- 
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tion for providing the output signal of the first 
address register to the second address register 
in the write after 2 cycles mode when in the on 
position; 

a third switch having an on and an off position s 
for providing the output signal of the second ad- 
dress register to the selecting means in the 
write after 2 cycles mode. 

19. The semiconductor memory device of claim 15 *o 
wherein the data inpul control means includes: 

a first data register for generating the first data 
signal by transmitting the buffered data respon- 
sive to the second control signal; is 
a second data register for generating the sec- 
ond data signal by latching the first data signal 
responsive to the second control signal; 
a third data register for generating the third data 
* signal by lalching the first data signal respon- 20 
sive to the second control signal; 
a fourth switch having an on and an offposition 
for transmitting the second data signal to the 
third data register in the write after 2 cycles 
mode when in the on position; and . 25 
a fifth switch having an on and an offposition for 
transmitting the third data signal to the data 
transmission control means in the write after 2 
cycles mode when in the on position. 

30 

20. The semiconductor memory device of claim 19 
wherein the first data register includes: 

a firsl transmission gate for transmitting the 
; buffered data responsive to a first logic state of 35 
the second control signal; and 
a first latch for generating the first data signal 
by latching an output signal of the first trans- 
mission gate. 

40 

21. The semiconductor memory device of claim 20 
wherein the second data register includes: 

a second transmission gate for transmitting the 

first data signal responsive to a second logic **s 

state of the second control signal; 

a second latch for latching the output signal of 

Ihe second transmission gale; 

a third transmission gate for transmitting an 

output signal of the second latch responsive to so 

the first logic state of the second control signal: 

and 

a third latch for latching an output signal of the 
third transmission gate. 

55 

22. The semiconductor memory device of claim 21 
wherein the third data register includes: 



a fourth transmission gate for transmitting the 
second data signal responsive to the second 
logic state of the second control signal; 
a fourth latch for latching an output signal of the 
fourth transmission gate; 
a fifth transmission gate for transmitting an out- 
put signal of the fourth latch responsive to the 
first logic state of the second control signal; and 
a fifth latch for latching an output signal of the 
fifth transmission gate. 

23. The semiconductor memory device of claim 22 
wherein the data transmission control means in- . 
eludes: 

a sixth transmission gate for transmitting the 
first' data signal responsive to a second logic 
state of the third control signal; 
a seventh transmission gate for transmitting the 
second data signal responsive to a second log- 
ic state of the fourth control signal; 
a eighth transmission gate for transmitting the 
third data signal responsive to a second logic 
state of the fifth conlrol signal; and 
a sixth latch for latching an output signal from 
the sixth, seventh, and eighth transmission 
gates. 

24. The semiconductor memory device of claim 15 
wherein the control signal generating means in- 
cludes: 

a first write register for generating a first write 
signal by latching the write command respon- 
sive to a first logic state of a clock signal and 
outputting the first write signal responsive to a 
second logic state of the clock signal; 
a second write register for generating a second 
write signal by latching the first write signal re- 
sponsive to the first logic state of the clock sig- 
nal and outputting the second write signal re- 
sponsive to the second logic state of the clock 
signal; 

a third write register for generating a third write 
signal by latching the second write signal re- 
sponsive to the first logic state of the clock sig- 
nal and outputting the third write signal respon- 
sive lo the second logic stale of the clock signal; 
third control signal generating means for gen- 
erating the third control signal by logically ma- 
nipulating the first and second write signals in 
the write after 1 cycle mode or by logically ma- 
nipulating the first, second, and third write sig- 
nals in the write after 2 cycles mode; 
fourth control signal generating means for gen- 
erating the fourth control signal by logically ma- 
nipulating inverted versions of the first and sec- 
ond write signals in the write after I cycle mode 
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or by logically manipulating the first, second, 
and third write signals in the write after 2 cycles 
mode; and 

fifth control signal generating means for gener- 
ating the fifth control signal by logically manip- 
ulating the first, second, and third write signals 
in the write after 2 cycle mode. . 

.25. The semiconductor memory device of claim 24 
wherein the first write register includes: 

a first transmission gate for transmitting the 
write command responsive to the first logic 
state of the clock signal; 
a first latch for latching an output signal of the 
first transmission gate; 

a second transmission gate for transmitting an 
output signal of the first latch responsive to the 
second logic state of the clock signal; and . 
a second latch tor lalching an oulpul signal of 
the second transmission gate. 

26. The semiconductor memory device of claim 25 
wherein the second write register includes: 

a third transmission gate for transmitting the 

first write signal responsive to the first logic 

state of the clock signal; 

a third latch for latching an output signal of the 

third transmission gate: 

a fourth transmission gate for transmitting an 

output signal of the third latch responsive to the 

second logic state of the clock signal; and 

a fourth latch for latching an output signal of the 

fourth transmission gate. 

27. The semiconductor memory device of claim 26 
wherein the third write register includes: 

a fifth transmission gate for transmitting the 
second write signal responsive to the first logic 
state of the clock signal; 
a fifth latch for lalching an output signal of the 
tilth transmission gate; 

a sixth transmission gate for transmitting an 
output signal of the fifth latch responsive the' 
second logic state of the clock signal; and 
a sixth latch for lalching an output signal ol the 
sixth transmission gate. 

28. A method for processing data in a semiconductor 
memory device, comprising: 

receiving an external write or read address; 
if the read address is received, reading data 
from a cell corresponding to the read address: 
if the write address is received, delaying the 
write address by 1 cycle when the memory de- 
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vice operates in a write after 1 cycle mode or 
by 2 cycles when the memory device operates 
in a write after 2 cycles mode: 
receiving external write data; 

5 delaying the write data by a first predetermined 

number of cycles when the memory device op- 
erates in the write after 1 cycle mode or by a 
second predetermined number of cycles when 
. the. memory device operates in the write after 

to 2 cycles mode; 

transmitting the delayed write data responsive 
to a predetermined set of input commands; and 
writing the write data to a cell corresponding to 
the write address using a flow through method 

75 in the write after 1 cycle mode or a pipeline 

method in the write after 2 cycles mode. 

29. The method of claim 28 wherein the first predeter- 
mined number of cycles is either 0 or 1 and the sec- 

20 ond predetermined number of cycles are either 0, 
1,or2. 

30. The method of claim 29 wherein transmitting the de- 
layed write data includes transmitting write data de- 

2S laycd by 0 cycles when a write, write command se- 
quence is received in the write after 1 cycle mode,, 
transmitting write data delayed by 1 cycle when a 
read, write command sequence is received in the 
write after 1 cycle mode, transmitting write data de- 

30 layed by 0 cycles when a write, write, write com- 
mand sequence is received in the write after 2 cy- 
cles mode, transmitting write data delayed by 1 cy- 
cle when either a write, read, write or a read, write, 
write command sequence is received in the write 

35 after 2 cycles mode, and transmitting write data de- 
layed by 2 cycles when a read, read, write command 
sequence is received in the write after 2 cycles 
mode. 

40 31. The method of claim 30 wherein delaying the write 
address includes: 

generating.a first delayed write address by de- 
laying the write address by 1 cycle responsive 
45 to a first control signal; 

generating a second delayed write address by 
delaying the delayed write address by 1 cycle 
responsive lo the first control signal; and . 
selecting the read address responsive to a read 
so command, the first delayed write address in the 

write after I cycle mode, and the second de- 
layed write address in the write after 2 cycles 
mode. 

55 32. The method of claim 31 wherein the first control sig- 
nal is the logical multiplication of a clock signal and 
a write command. 
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33. The method of claim 31 wheroin delaying the write 
data includes: 

generating a first data signal by transmitting the 
write data responsive lo a second control sig- s 
nat; 

generating the second data signal by latching 
the first data signal responsive lo the- second 
control signal: and 

generating a third dala signal by latching the to 
second data signal responsive lo the second 
control signal: 

wherein the first and second data signals are 
provided as outputs in Ihe write alicr I cycle 
mode and wherein the lirsl second and third is 
data signals are provided as outputs during the 
write after 2 cycles mode 

34. The method of claim 33 wherein transmitting the de- 
layed write data includes. 20 

generating a third control signal when a write, 
write command sequence is rccerved in the 
write after 1 cycle mode or when u write, write, 
write command sequence is received in the 2$ 
write after 2 cycles mode, a fourth control signal 
when a read, write command sequence is re- 
ceived in the write after 1 cycle mode or when 
a write, read, write or a read, wrtlc wrile com- 
mand sequence is received in the wrile after 2 30 
cycles mode, and a fifth control signal when a 
read, read, write command sequence is re- 
ceived in the wrile after 2 cycles mode: and 
transmitting the first data signal responsive to 
the third control signal, the second data signal 3S 
responsive to the fourth control signal and the 
third data signal responsive to the fifth control 
signal. 

35. The semiconductor memory device of claim 34 40 
wherein generating the third control signal includes: 

generating a first write signal by latching the 
write command responsive lo a first logic slate 
of a clock signal and outputting the first write 
signal responsive to a second logic state of the 
clock signal; 

generating a second wiile signal by latching the 
first write signal responsive to the first logic 
state of the clock signal and outputting the sec- so 
ond write signal responsive to the second logic 
state of the clock signal; 
generating a third write signal by latching -the 
second write signal responsive to the first logic 
state of the clock signal and outputting the third 55 
write signal responsive to the second logic state 
of the clock signal; 

generating the third conlrol signal by logically 



.manipulating the first and second write signals 
in the write alter 1 cycle mode or by logically 
manipulating the first, second, and third write 
signals in the write after 2 cycles mode: 
generating the fourth control signal by logically 
manipulating inverted versions of the first and 
second write signals in the wnte after 1 cycle 
mode or by logically manipulating the first, sec- 
ond, and third write signals in the write after 2 
cycles mode; and 

generating the fifth control signal by logically 
manipulating the first, second, and third write 
signals in the write after 2 cycle mode. 
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